The changes in the various physiological actions of the body induced by changing the inorganic salt constituents of the blood suggests that such inorganic salts may also be of importance in determining the rate and manner of growth. LOEB ('05) has shown that regenerative growth does not take place at all in the absence of the K ion. BEEBE ('04) found that rapidly growing malignant tumors contained an excess of K while benign tumors showed excesses of Ca. An excess of Ca, however, is usually present in old or degenerating tissues and so may accumulate during inactivity instead of being the cause which produces the inactive state. LOEB ('04) also tried the influence of dilute sea water on regenerating hydroids and found the hypotonic solution to cause a more rapid rate of regeneration than occured in normal sea water. He further tried some of the inorganic salts with indefinite results.
III. The Rates of Regenerative Growth in Different Salt Solutions.
The changes in the various physiological actions of the body induced by changing the inorganic salt constituents of the blood suggests that such inorganic salts may also be of importance in determining the rate and manner of growth. LOEB ('05) has shown that regenerative growth does not take place at all in the absence of the K ion. BEEBE ('04) found that rapidly growing malignant tumors contained an excess of K while benign tumors showed excesses of Ca. An excess of Ca, however, is usually present in old or degenerating tissues and so may accumulate during inactivity instead of being the cause which produces the inactive state. LOEB ('04) also tried the influence of dilute sea water on regenerating hydroids and found the hypotonic solution to cause a more rapid rate of regeneration than occured in normal sea water. He further tried some of the inorganic salts with indefinite results.
In the first of this series of studies I ('08) recorded the action of the four important metalic ions of sea water, Na, K, Ca, and Mg, on regeneration in the medusa. The experiments were not extensive enough to draw final conclusions yet they accorded with what might have been expected from the related work of LOEB and BEEBE men-tioned above. The ~Na ion retarded regeneration, and in some solutions of CaCI~ regeneration did not begin for several days and always proceeded slowly, while in the weaker KC1 solutions regeneration oceured at a more rapid rate than in the control specimens. The Mg solutions gave indefinite results.
It must be remembered that in such experiments the entire animal is kept immersed in the solution. The effects of the salt may, therefore, be systemic exhilarating or depressing the entire animal bodj7 and through such conditions secondarily affecting the regeneration rate. Should salts be injected into the circulation of higher animals the same complexity presents itself, yet this fact in no way lessens the importance of such experiments since all chemical actions and processes in the body secondarily effect other parts than those in which they occur. The experimenter, however, must carefully guard against using a dose of the salt which would be sufficient to perminantly weaken or injure the body since this would necessarily lessen the rate of regeneration as well as other normal processes.
The present series of experiments were arranged in order to carry regenerating animals for long periods of time in strange salt solutions and so determine whether there was any definite effect on the regeneration rates, and if such an effect was sufficiently marked to be of advantage in experimentation.
The spotted salamander,
Diemyctylus vir~escens, was used for the experiments since it readily
regenerates new legs and tail after the old ones are amputated. This gives two somewhat different structures for observation the legs being complex while the tail is almost uniformly metermeric. The experiments were conducted for the Huntington Fund for Cancer Research in the Pathological Laboratories of Cornell Medical School. Five groups each consisting of fifteen salamanders were selected and weighed. The groups A, B and D each weighed 39 grams and groups C and E weighed 38 grams thus the groups were practically of the same average size. The individual salamanders averaged about 2.5 grams and were closely alike in size and general body condition. The operations consisted of cutting the left front leg off at the elbow joint and the distal one-third of the tail (Fig. 1A) . The tails were measured from the posterior end of the cloacal apature to the tip, the usual length was from 45 to 48 ram. making the removed third measure fl'om 15 to 18 mm.
The first few days following the operation the arm stump is generally held close to the body and not used in swimming or walk-ing upon the bottom of the vessel. After this time the stump is used occasionally at first but later it is brought into continual use.
The vessels containing the salamanders were kept upon the same table and subjected to similar light and temperature conditions. The animals were fed on alternate days with finely chopped beef each individual receiving approximately the same amount. The experiments are to be considered in two parts; the first from Oct. 9th to Dec. 22nd, 73 days, while arranged as described below and the second part a consideration of the groups is a reversed order in the solutions, e. g., those in KC1 were put into CaC12 etc.
First Part.
Three days after the operation the animals were placed in the following solutions. Group A, the control, in ordinary tap water. Group B into MgCl~ 2/r2 ~ n~. or 16 cc of a molecular solution of MgC12 to 984 cc of tap water. Group C in CaCI., 2/1.,5 ~J~, group D in KCI 2/125 ~J~. and group E into a solution of 8 cc molecular MgC1._, q-8 cc molecular CaC12 added to 984 cc of tap water. The solutions were changed daily. The effects of these salts were tested on other salamanders. It was found that a 1/1o m solution of either KCL, CaCI2, or MgCl.~ would kill the animals in less than two days. The strengths used were, therefore, about one sixth of the fatal dose but no appreciable injury to the general body health could be detected in such solutions.
Thirty-five days after the operation the newly regenerated tissue and body lengths were measured. The averages for each group are shown in table I. The average body lengths are almost equal~ or little different in consideration of the entire length. The control is regenerating the leg and tail faster than any other group at this time. The figures 8D, 3D etc. in the leg -bud columns indicate the number of leg-buds which show differentiation or the formation of toes. Those groups in KC1 and MgCl~ -4-CaCl=, are almost up with the control in the lengths of new regenerated buds while the group in MgCI2 is slower and the specimens in CaCI~ are slowest of all. It is recalled that the mixture of Mg'CI2 and CaC12 consists of only one halt" as much of each salt as is used in the unmixed solutions and while both of these salts have retarded regeneration in the strong unmixed solutions the mixture has not lowered the rate. The next line of the table shows that after fifty-two days the relative body lengths have remained about the same. The new legbuds in KC1 are now much longer than the control, about 250/0 . Those in the MgC12 --[-CaCl2 have also overtaken the control, while on the other hand, the specimens in MgC12 are behind the control and those in the CaC12 are still further behind. The tail-buds in KCI and MgCl2-~-CaCl2 have also grown faster than the control since the thirty-fifth day. Those salamanders in MgCl2 have kept their original slow rate while the tail-buds in CaCl~ like the armbuds in this solution are the shortest of all, the tail-buds particularly have fallen still further behind since the thirty-fifth day.
Seventy-three days after the operation the arm-buds are in much the same relative condition, while the tail buds of the control have grown more rapidly than those of the other groups. The CaC12 group being slowest.
Since the experiment started one individual in each group has been lost through' accident, the groups now consist of fourteen individuals each. At this time, Dec. 22nd, the groups were again weighed. The lines below allow a ready comparison with their original weights. The original weights were for the fifteen individuals in each group while the lower line for the fourteen thus shows a steady gain in weight during the experiment due no doubt to the regular feeding. It will be noted by referring to table I that the increase in weight and body length of the groups does not correspond, e. g., group A has increased very much less in weight than group E while on the other hand group E has increased less in body length than group A. The increase in weight in these salamanders is due to an enlargement of the body organs rather than to a storing up of fat. Tbe safer criterion in determining actual growth is the increase in body length rather than increase in weight since the later fluctuates so readily, and as MORGAX ('06) states a normal rate of regenerative growth is kept up even though the body be in a thin emaciated condition.
The general result of the experiment thus far seems to show that the salamanders are capable of regeneration while living in the salt solutions. The specimens in the KCI regenerate at a rate equM 2* to and often ahead of that shown by the control, while those in CaCl2 and MgCl~ are decidedly inhibited in their rates of regenerating both legs and tails. These facts accord with what might be expected from BEEBE'S chemical analysis of tumors referred to above, but we must look further in the experiment for final results.
After the seventy-third day the animals were put into pure water so as to remove all excess of the several salts to which they had been subjected. After being in the water for twenty-four days the groups were again measured and the results are shown in the 97 day line of table I. The measurements stand in much the same relation to one another as that existing while they were in the solutions, this might have been expected since the time is scarcely sufficient for the effects to have been entirely overcome. After the salts had been thoroughly removed the animals were again operated upon and treated as recorded in the Second Part.
Tile five groups, now consisting of fourteen salamanders each, were operated upon so as to remove the right front leg at the elbow joint and the entire new tail-bud (Fig. 1B) . The arm operation gives a new cut for regeneration while all of the tail operations give rise to a second regeneration from the same level as that from which the previous new tail-buds arose.
Jan. 22ud, four days after the operation the animals were put into the salt solutions so that the groups which were in the retarding solutions (MgC12 and CaC12) during the first part of the experiment were now put into the solutions which had seemed to accelerate regeneration (KC1) and visa versa. A summary of the records of the animals in these solutions is shown in table II.
After thirty-nine days the arm-buds are all short and no differentiation has taken place. It will be noted that these buds are in most cases only about one half the length of the thirty-five day buds in table I. The tail-buds have regenerated at a rate nearer that These results would seem to indicate that the influence a salt exerts depends somewhat upon the former salts to which the animal has been subjected, at any rate, in this case the KCl acts more favorably when used after CaC12 than when following MgCl=,.
The tail-buds after seventy-eight days, like the legs, are slowest in group B but groups C~ D and E are ahead of the control.
The last line of the table which shows the condition after one hundred days is not significant since growth in all the groups is very slow and ahnost complete at this time, the processes of differentiation being primary.
The animals were again weighed on Apr. 28, about seven months after the experiment was started. The weights at the periods indicated are given below. The increase in weight of the animals shows that they were in a healthy condition and not suffering from the treatment. From Dec. 22 to Apr. 28 group B lost slightly in weight and this is of interest when it is remembered how very poorly the individuals of this group regenerated in KCI after having formerly been treated with MgCl.,. The evidence indicates that treatment with MgC1.2 produces a condition in the animals which renders them unfavorable to treatment with KC1 solutions.
A final point of interest to be noted in the reversed second part of the experiment is the condition of the new legs in group C. The left first leg in five of the fourteen specimens had not differentiated in the CaC12 solution to which they were subjected in the early part of the experiment and actually after seven months two have legs with conical terminations with one toe in one case, while three others have only slight indications of differentiation. The right first legs in these same specimens had been growing only during the second part of the experiment (10~) days) yet with a single exception they were perfectly differentiated in the KC1 solution. This fact shows in a decided way the different influences exerted by the CaC12 and KCI solutions on two legs of the same individuals. The bottom line of table I gives the measurements and differentiation of the left legs after 199 days when the experiment ended, these may be compared with the right legs in table II.
Summary,
Considering both parts of the experiment one may conclude that the effects of the salt solutions are not strongly pronounced, yet the following statements seem to be supported.
1) The processes of regenerative growth in Diemyctylus are favorably affected by weak doses of KC1 while CaCl~ inhibits the rate of growth and differentiation of the regenerating part.
2) Solutions of MgC12 inhibit both the rate of growth and differentiation of regenerating parts, yet not so strongly as CaCl~. Mixtures of half doses of CaC12 and MgC12 do not influence either growth rate or differentiation.
3) If salamanders having had their regenerating powers retarded by MgCl2 be then placed in KC1 instead of this salt stimulating growth it further depresses the regeneration of both legs and tails and little if any differentiation takes place. 4) When specimens that had regenerated slowly in CaCl~ were placed in solutions of KC1 their rates of regeneration and powers of differentiation were improved. The effect exerted by a salt solution is, therefore, dependent to some extent upon the salts to which the animal has been previously subjected, even though some time may have elapsed since the former treatment was applied. 5) Salamanders that have regenerated at a fair rate in solutions of KCI are less depressed by treatment with CaCl~ than others which have not been previously treated with KC1.
6) All actions of salt solutions on the body of a regenerating animal are probably very complex and the above statements are more to be taken as suggestions than final conclusions; they may serve best to indicate the need of extensive investigation along such a line which may possibly open a way to the control of growth processes. 
IV, The Influence of Regenerating Tissue on the Animal Body.
When tile adult animal body begins to regenerate new tissue in order to replace some lost part or when abnormal secondary growths arise the condition of growth equilibrium is disturbed and such a disturbance is followed by changes which effect the usual physiological condition of the body. The question arises whether the changes following or accompanying normal regenerative growth are in any way similar to those affects resulting from malignant or abnormal growths. If one believes that cancerous tbrmations are growths induced by some derangement in the normal growth states and are not of infectious origin then normal secondary growths, in some stages at least, should effect the body in a manner somewhat similar to that resulting from all active tumor growth. The emaciated or cachectic condition of the body resulting from cancerous growths are not always attributable to toxins or products produced in the cancer and taken into the circulation, but at times seem due to the excessive approperation of nutriment by the rapidly growing tumor itself. The malignant tumor continues to grow and so finally kills the body, while on the other hand, the regenerating part although rapidly growing at first gradually decreases in growth rate and begins to differentiate and function thus diverting the energy previously used in the growth processes until finally growth ceases when the body has reestablished its former condition.
I ('09) showed in the second of these studies that the medusadisk of Cassiopea xamachana decreased rapidly in size while regenerating new oral-arms and that the rate of decrease was faster in those specimens regenerating the greater number of parts. In these experiments a sourse of error might have existed since those specimens with six or eight oral-arms removed have been deprived of more reserve food held in the mouth arms than had the individuals which lost fewer arms. I determined to control this possibility by operating on medusae so as to remove the same number of oral-arms from all and to increase the amount of new regenerating tissue in some individuals by removing also a part of the disk. The specimens were kept under identical conditions and were not fed during the time of the experiment. Thus any difference in their responses is due only to the additional amount of regeneration imposed upon those individuals with the cut disks. EMMEL ('06) has contributed an observation which is most interesting in connection with these experiments. He found that larval lobsters when regenerating new legs molted after longer intervals than normal individuals and increased in size at a rate sometimes 24~ slower than the non-regenerating specimens. Most important was his observation that when the removal of legs was not followed by regeneration such specimens grew in size faster than the regenerating individuals and in most instances actually faster than the control. These observations clearly show that the process of regeneration itself and not the injury inflicted is responsible for the retardation of growth in the regenerating lobsters.
The experiments here recorded were performed upon the seyphomedusa, Cassiopea xa~achana, which is so abundant at the Tortugas Islands, Florida. Healthy individuals of medium size were selected and operated upon as described below.
In the first experiment two groups of twenty individuals of the same average size were used. Group A had five of the eight oralarms cut from each specimen (Fig. 1 ). Group B also had five oralarms cut in a similar manner from each of the twenty individuals and in addition each medusa had a peripheral strip cut from its body-disk which included one third of the circumference and extended in radially beyond the oral zig-zag muscular layer shown in Fig. 2 . The specimens were then allowed to regenerate for thirty-four days their disk diameters being carefully measured at intervals so as to determine the difference in body decrease of the two groups. Fig. 1 . Fig. 2 . Fig. 3 . Table I shows the records for group A, the first column giving the original disk diameters, the second column the diameters after twelve days, the third column the lengths of the individual new armbuds regenerated during the twelve days. Column tbur gives the diameters after twenty days and column five the lengths of the new arm-buds at this time. Columns six and seven show the same after twenty-eight days and columns eight and nine at'ter thirty-four days when the experiment stopped. A line of averages at the foot of the table shows the general result. Table II gives the same data for group B and a ready comparison of the tables is facilitated by table III of averages.
The individuals of both groups averaged 81.5 mm in diameter at the beginning of the experiment and after twelve days the specimens of group A were 67.5 mm in diameter while those in group B which were regenerating the disk tissue in addition to the five oralarms were only 64.3 mm in average diameter. In other words they averaged 3.2 mm smaller than the ones growing only the five arms. Table   I .
Record of regeneration and decrease in body size in when regenerating five oral-arms.
Length of arm-buds in mm
May 27 !5-6-6-6-7
;5--5--6--6--7 5--6--6--6-- 
~5
After this time, however, group B did not decrease as rapidly since the disk injury had almost completely regenerated; thus after twenty days the A group was only 1.7 mm larger than B, alter twenty-eight days only 1.2 mm larger and after thirty-four days there was still only 1.4 mm difference in average size. The experiment clearly shows that while the B group was regenerating the cut disk part in addition to the five oral-arms the individuals of B were decreasing in body size as a result of this additional regeneration more rapidly than the specimens in A which were regenerating only the five oral-arms. The regenerating tissue through an excessive capacity for the absorption of nutriment draws upon the old body tissues and causes them to decrease in size in a manner very much as it may be supposed the rapidly growing tumor imposes upon the substances of the surrounding body. It is certainly clear that in both cases the growing tissue causes the old body to become weak and emaciated while the growth itself continues in a vigorous manner.
The above experiment is of further value in regard to the influence of the degree of injury on the rate of regenerative growth. I have previously shown ('09) that the rate of arm regeneration in this medusa is independant of the degree of injury as is also the case in the brittle-star, Ophiocoma riisei; while Ophiocoma echinata regenerates each arm the slower the greater the number of removed arms. These results are contrary to the idea advanced by ZELENY ('05) that the greater amount of injury would be followed by a faster regeneration rate.
The two groups of individuals A and B are each regenerating five oral-arms but the group B is the more extensively injured since a portion of the disk was also cut away. If the additional injury or regeneration imposed upon the B group exercises any influence over the rate of regeneration it should be seen by comparing the rates of growth of the arm-buds in B with those of group A. The right side of table II[ gives a ready comparison of the two groups. Those specimens with the disk uncut or the less injured ones regenerated slightly more rapidly during the first twelve days but after this time the rates were practically equal. These facts show in a most convincing manner that more extensive injury to the medusa fails to give an increase in the subsequent regeneration rates.
A second experiment differed somewhat in manner of operation from the above yet the results are in perfect accord. Twenty-eight healthy medusae were arranged in two groups of fourteen individuals each and operated upon as follows. The specimens of group I had all of their oral-arms and the central stomach mass entirely removed~ leaving only the medusa disk (Fig. 3) . Such a preparation lives and pulsates in a normal manner and regenerates new tissue to cover over the central stomach space, then begins to bud new oral-arms from this tissue until finally the medusa regains its normal organs and parts. The central space is first covered by a thin veil of tissue which tears repeatedly and reforms until it begins to thicken and then the new arm-buds first appear. The regenerative growth is, therefore, very vigorous from such specimens during the early part of the experiment and later becomes much less. Group II was operated upon in the same manner as the specimens of group B in the above experiment, five oral-arms and a part of the medusa disk were cut away, Fig. 2 . Table IV facilitates a ready comparison of the averages from these specimens. The original diameters of the groups averaged 88.6 mm and 88 ram, after fourteen days group I was only 62 mm in diameter while group II was 69 mm, or 7 mm larger. After twentytwo days they were 55.3 mm and 63 mm and after twenty-eight days 51 mm and 59 ram. It will be noted however that group I ceased to decrease rapidly after the first fourteen days when its rapid regeneration also ceased and from this time on it decreased almost as slowly as group II, since in the last six days of the experiment it lost only 4.3 mm while group II lost 4 ram.
The rate of growth for the arm-buds in group II is practically the same as fl'om the specimens in the previous experiment.
Groups I and II again show that when the animal regenerates a certain amount of tissue in a given time such an individual suffers a loss in body size which is greater than the loss from other specimens regenerating a less amount of tissue. Of course the animals must be subjected to the same food conditions~ in these experiments they were all unfed. Regenerating tissue, therefore, consumes the old body substance and has an effect that would finally so weaken the body as to cause death should the regeneration continue for a sufficient time. A method which could eliminate the factors that cause growth to cease when an organ attains a certain size would allow the organ to grow at the expense of the other body parts until death would follow in a manner closely similar to that by which a malignant tumor growth finally kills the body containing it. The absence of certain growth inhibiting substances in the body may be responsible for indefinite cancer growths, and experiments that in any way lead to a determination of the controling factors in normal primary or secondary growths are of importance in this regard.
Summary.
The medusa, Cassiopea xamach(ma, when unfed decreases in body size. This decrease is greater in regenerating individuals, and the larger the amount of tissue an individual is regenerating the more rapidly does it decrease in size. The new regenerating tissue grows at a vigorous rate on account of its excessive capacity for the approperation of nutriment from the old body tissues, and it is this fact which causes the body to decrease in size and become weak and emaciated. A close similarity to such an action is seen in the case of certain malignant growths.
Zusammenfassung zu q2eil IV.
Die Qualle Cassiopea xamachana nimmt im Hungerzustand an K~;rpergriiBe ab. Diese Abnahme ist bedeutender bei regenerierenden Individuen, und mit der Gr~il3e des zu regenerierenden Gewebsbetrages w~ichst die Geschwindigkeit der Gr(il3enabnahme des Individuums. Das neue regenerierende Gewebe wiichst
